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Abstract 
In this work, we have developed a chemical kinetic modeling of methane combustion using a detailed kinetic mechanism 
including 213 elementary reactions and 48 species from literature. The mathematical model consists of a system of coupled 
ordinary differential equations resulting from kinetic rate laws. The solution is performed with a computer code in FORTRAN 
language based on the numerical fourth order Runge-Kutta method. The results show that the kinetic model used predicts 
efficiently the consumption of methane and oxygen as well as the production of water and carbon dioxide. However, the 
predicted nitrogen oxide formation (atmospheric pollutant) was less than the observed value. 
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1. Introduction 
     Models play an important role in improving our understanding of combustion processes and are able to assist in 
the design of advanced energy conversion devices [1]. Kinetic models have become useful in the analysis of 
practical energy conversion systems such as the internal combustion engines. A review of chemical kinetic models 
of hydrocarbon combustion is given by Westbrook et al. [2].  
     Methane combustion chemistry has been extensively studied, and is now rather well known. Bowman et al. [3] 
has simulated the combustion of methane in a perfectly stirred reactor using a mechanism including 24 elementary 
reactions, the kinetic mechanism used in their model failed to explain the experimental data especially under fuel-
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rich conditions. Heap et al. [4] have proposed a mechanism with 100 elementary reactions including the NO 
formation mechanism and have obtained good agreement with the measurements. However, none of the previous 
models included the C2 Chemistry, which is known to be an important part of the methane oxidation scheme.  
      More detailed kinetic mechanism containing 213 elementary reactions and 48 species have been suggested by 
Glarborg et al [5]. In this mechanism, more reactions have been incorporated such as the conversion of NHi species 
to NO and N2, the HCN chemistry, the C2 chemistry and the reactions of CH2 and CH.  
     The main objective of this work is the application of a kinetic model to the analysis of the chemistry of methane- 
air combustion flame using the detailed kinetic mechanism proposed by Glarborg et al [5] with the consideration of 
stoichiometric conditions.   
 
Nomenclature 
A  preexponential factor in Arrhenius rate constant 
C  concentration (mol/m
3) 
E0  activation energy in Arrhenius rate constant (Joule/mol)  
k  rate constant of elementary reaction   
P  pressure (atm)  
R   the ideal gas constant  
t  time of combustion (seconds)  
T  temperature (K).  
x   molar fraction      
Grec letters   
E  the pre-exponential temperature exponent -   stoichiometric number               
Superscripts 
(e) reactant of an elementary reaction 
(p) product of an elementary reaction 
S number of reactants in an elementary reaction  
Subscripts 
s chemical species 
r elementary reaction 
 
2. Mathematical model 
 
    The chemistry of methane air combustion is analysed using the kinetic rate laws.  
For an elementary reaction, r, given in the form,    
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Where s is a chemical species and )(ers- and )( prs-  denote the stoichiometric coefficients of reactants and products 
respectively, the kinetic rate law of a species i in the elementary reaction r, is given by the expression [6]:   
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Where Ci  is the concentration of a species, i , CS  is the concentration of the reactant s.  
     For a kinetic reaction mechanism of methane-air combustion composed of 213 elementary reactions and 48 
species given in the form,  
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The kinetic rate law for a species i will be [6]:   
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Where kr is the rate constant of an elementary reaction, r, it is calculated using the modified Arrhenius equation:  
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The kinetic rate laws equations with the initial conditions can be put in the following form:  
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2.1. Initial conditions 
 
     We consider in this work the case of combustion of a stoichiometric mixture at atmospheric pressure.  The 
overall reaction of methane-air combustion is written as:   
CH4 + 2 O2  o 2 H2O +CO2  
The air contains 78% of Nitrogen (N2), 20% of oxygen (O2) and 2% of Argon (Ar), the molar fraction of methane is 
given by:  
2
4 51
1
O
CHx -                                           (7)      
Thus, the initial mixture will contain the following stoichiometric proportions:   
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The initial concentrations are calculated using the following equation:   
RT
P
xC ii  0                                               (8) 
 
Where Ci0 is the initial concentration of species i; P is the pressure; R is the ideal gas constant; T is Temperature; 
and xi is the mole fraction of species, i. The combustion conditions considered in this work are: Pressure = 1atm and 
temperature of methane flame = 2222K, thus the initial concentrations are:  
 
C0CH4 = 0.498909 mol/m
3; C0O2 = 0.997818 mol/m
3; C0N2= 3.89174 mol/m
3; C0Ar   = 0.09978 mol/m
3    
 
     The numerical solution is necessary to solve the system of modeling differential equations. The solution is 
performed with a computer program using the fourth order Runge-Kutta method [7]. We have elaborated a computer 
code in FORTRAN language for this purpose. The computation procedure is shown in Figure 1.  
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Fig.1. Algorithm of the  computer code. 
 
 
3. Results 
 
We have used in this modeling work a kinetic mechanism including 213 elementary reactions and 48 species 
from literature [5]. This mechanism includes a large number of elementary reactions such as the C2 chemistry, the 
CH2 and CH chemistry and also the conversion of NHi species to NO and N2  and the HCN chemistry.  
The mathematical model consists of a system of coupled ordinary differential equations resulting from kinetic 
rate laws. The solution is performed using a computer code in FORTRAN language, which has been elaborated for 
this purpose, based on the numerical fourth order Runge-Kutta method with a step of time equal to 10-9 seconds.  
The computer code generates the concentrations of all the 48 species included in the kinetic mechanism used. 
Some of the results are presented in figures 2-7. Figures 2 and 3 illustrate the total consumption of the main 
reactants, methane and oxygen (CH4 and O2) after about 0.90 milliseconds.  
Note that for the inetrmediate species such as radicals, H, CH3, CH2, CH, O,.., The results indicate the apparition 
and the consumption of all these intermediate species during the time of the combustion.   
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Fig.2.   Time evolution of the concentration of CH4 
 
 
Fig. 3.   Time evolution of the concentration of O2 
 
Figures 4 and 5 illustrate the production of the final products of methane combustion, carbon dioxide and water 
(CO2 and H2O) after about one milliseconds.  
 
 
Fig. 4. Time evolution of the concentration of CO2 
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Fig.5.  Time evolution of the concentration of H2O. 
 
     The results show also the appearance of carbon monoxide (CO) (fig.6.), this is surely due to a partially 
incomplete reaction. In fact, from experience, we know that the stoichiometric mixture of the reactants does not 
involve necessarily a complete reaction, an excess of air is always necessary to complete the combustion.   
 
 
Fig.6. Time evolution of the concentration of CO. 
 
The formation of nitric oxide (NO) during the combustion of methane is illustrated in figure 7. As presented in 
this figure, the nitric oxide appears after about 0.9 milliseconds with a very small concentration (6x10-6 mol/m3), this 
value is much less than the observed NO levels by Fenimore [8] for methane flame. 
The mechanism of nitric oxide formation from atmospheric nitrogen at flame temperature and near stoichiometric 
conditions is undestrood by what is often called the extended Zeldovich reaction mechanism, 
   
O  +  N2   → NO  + N  
N  +  O2   → NO  +  N 
N  +  OH  → NO +  H  
 
this mechanism, when coupled with other reactions that describe the oxidation of methane species and the formation 
of atomic oxygen and the hydroxyl radical predicts nitric oxide concentrations. Note that these elementary reactions 
have been also included in the kinetic mechanism used in this work.  
As a consequence, we can say that the kinetic mechanism used in this work is not necessarily complete and more 
elementary reactions could be added.      
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Fig. 7. Time evolution of the concentration of NO. 
4. Conclusion 
In this modeling work, the chemistry of methane air combustion has been analysed using kinetic rate laws. A 
detailed kinetic mechanism consisting of 213 elementary reactions and 48 chemical species from literature has been 
used. This mechanism includes many reactions such as the oxidation mechanism of methane, the C2 Chemistry, the 
HCN chemistry, the conversion of NHi species to NO and N2, the HCN chemistry and the reactions of CH2 and CH.  
The mathematical model, resulting from kinetic rate laws, has been solved using a computer code in FORTRAN 
language based on the numerical fourth order Runge-Kutta method. 
The results show that the kinetic model used predicts efficiently the oxygen and methane consumption as well as   
water and carbon dioxide production. However, the predicted nitrogen oxide formation was less than the observed 
value. 
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